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(54) Chip Size Semiconductor Package and process for producing it 



(57) A semiconductor device that meets the de- 
mand for realizing semiconductor chips in small sizes 
has connection lands (20) formed on an electrode ter- 
minal carrying surface of a semiconductor chip (10) 
which are electrically connected via a substrate (12) and 
solder bumps (26) to an external circuit. The connection 
lands (20) are electrically connected, through connec- 
tion bumps (14), to connection pads (22) formed on one 
surface of the interposing substrate (12) of an insulating 
material so as to face the connection lands (20). Con- 
ductor wiring patterns (24) inclusive of the connection 
pads (22) are formed on one surface of the interposing 
substrate (12). Conductor wiring patterns (30) inclusive 



of terminal lands on which the external connection ter- 
minals (26) will be mounted, are formed on the other 
surface of the interposing substrate (12). Conductor wir- 
ing patterns (24) formed on the one surface of the inter- 
posing substrate (12) are connected to the conductor 
wiring patterns (30) formed on the other surface of the 
interposing substrate (12) through solid vias (32) formed 
by filling recesses with a metal by plating. The recesses 
are formed to penetrate through the insulating material 
of the interposing substrate (12) by laser machining and 
this permits the back surfaces of the conductor wiring 
patterns (24) on the side of the insulating material to be 
exposed on their bottom surfaces so that these can be 
used as electrodes during the metal plating process. 
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Description 

[0001] The present invention relates to a semiconduc- 
tor device and a process for producing the same. More 
specifically, the invention relates to a semiconductor de- 5 
vice of a small size, such as a chip-size package (CSP) 
or the like, which makes it possible to easily increase 
the number of the pins yet reduce the cost of production, 
and to a process for producing the same. 
[0002] The chip-size package (CSP) is a semiconduc- 
tor device in which external connection terminals such 
as solder balls are formed on a mounting surface that is 
formed nearly the same size as the semiconductor chip. 
The semiconductor device is mounted on a mother 
board by using the external connection terminals. 
[0003] In the chip-size package (CSP) as shown in 
Fig. 1, the electrode terminals 102 formed near the pe- 
ripheral edges of the semiconductor chip 100 are elec- 
trically connected by wiring patterns 104 including lands 
106 on which will be mounted the external connection 
terminals that are mounted on the mother board. 
[0004] The wiring patterns 104 can be formed on a 
passivation film of the semiconductor chip 100, or can 
be formed by joining a wiring pattern film on which wiring 
patterns 104 are formed onto the passivation film of the 
semiconductor chip 100. 

[0005] When a plurality of lands 106 are formed on 
the electrode terminal carrying surface of the semicon- 
ductor chip 1 00, space must be maintained for arranging 
outgoing lines among the neighboring lands. However, 
the terminal lands 106 to which are connected external 
connection terminals for mounting on the mother board 
must have a diameter of about 300 urn. Therefore, a 
limitation is imposed on the number of the terminal lands 
106 formed on the electrode terminal carrying surface 
of the semiconductor chip. 

[0006] in modern semiconductor devices, on the oth- 
er hand, semiconductor chips are being fabricated in ev- 
er smaller sizes resulting in an increase in the density 
for forming the external connection terminals. As de- 
scribed above, however, a limitation is imposed on the 
number of the terminal lands when the terminal lands 
for mounting the external connection terminals are 
formed on the electrode terminal carrying surface of the 
semiconductor chip, making it difficult to meet the de- 
mand for realizing the semiconductor chips in small siz- 
es. 

[0007] The object of the present invention is to provide 
a semiconductor device capable of easily meeting the 
demand for realizing the semiconductor chips in small 
sizes, and a process for producing the same. 
[0008] In order to achieve the object, the present in- 
ventors have attempted to form the terminal lands for 
mounting the external connection terminals on an inter- 
posing substrate formed separately from the semicon- 
ductor chip, and to electrically connect the interposing 
substrate to the semiconductor chip using connection 
bumps smaller than the external connection terminals. 
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As a result, the inventors have learned that the connec- 
tion lands can be formed on the electrode terminal car- 
rying surface of the semiconductor chip, the connection 
lands having a diameter smaller than that of the terminal 
lands for mounting the external connection terminals. 
[0009] Further, vias for electrically connecting togeth- 
er the conductor wiring patterns formed on both surfac- 
es of the interposing substrate, are formed by filling the 
recesses with a metal by plating, the recesses penetrat- 
ing through the insulating material of the interposing 
substrate in such a manner that the back surface of the 
conductor wiring pattern on one surface of the insulating 
material and on the side of the insulating material is ex- 
posed on the bottom surface of the recess. Thus, very 
fine vias are formed and the connection lands are 
formed having a further decreased diameter on the in- 
terposing substrate. This makes it possible to form the 
connection lands having a further decreased diameter 
on the electrode carrying surface of the semiconductor 
chip connected, via connection bumps, to the connec- 
tion lands of the interposing substrate and, hence, to 
fully meet the demand for realizing the semiconductor 
chips in small sizes. The inventors have thus arrived at 
the present invention. 

[0010] According to the present invention, there is 
provided a semiconductor device comprising: 

a semiconductor chip having an electrode terminal 
carrying surface on which electrode terminals and 
conductor lands electrically connected to the elec- 
trode terminals are formed; 
an interposing substrate of an insulating material 
having a front surface and a back surface and dis- 
posed with the front surface facing the electrode ter- 
minal carrying surface of the semiconductor chip, in 
which a conductor wiring pattern including conduc- 
tor pads is formed on the front surface, a conductor 
wiring pattern including conductor lands is formed 
on the back surface, external connection terminals 
are formed on the conductor lands on the back sur- 
face, and conductor vias composed of a plated met- 
al filling viaholes extending through the interposing 
substrate electrically connect the conductor wiring 
pattern on the front surface and the conductor wir- 
ing pattern on the back surface; and 
bumps electrically connecting the conductor lands 
of the semiconductor chip to the conductor pads of 
the interposing substrate. 

[0011] In the semiconductor device according to the 
present invention, the conductor wiring pattern on the 
back surface is advantageously adhered to the back 
surface by a thermoplastic adhesive agent layer inter- 
vening therebetween to facilitate production of the de- 
vice. 

[0012] According to the present invention, there is al- 
so provided a process of producing a semiconductor de- 
vice, comprising the steps of: 
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providing an insulating material having a front sur- 
face coated with a metal foil bonded thereto and a 
back surface coated with a thermoplastic adhesive 
agent layer formed thereon; 
forming recesses extending through the insulating 
material, the recesses having a bottom defined by 
the metal foil at the front surface and an opening at 
the back surface; 

filling the recesses with a metal by electrolytic plat- 
ing using the metal foil as a current supply path to 
form conductor vias extending through the insulat- 
ing material; 

adhering a metal foil to the back surface of the in- 
sulating material with the thermoplastic adhesive 
agent layer; 

patterning the metal foils on the front surface and 
the back surface to form conductor wiring patterns 
on the front surface and the back surface, respec- 
tively, thereby forming an interposing substrate hav- 
ing the front surface on which a conductor wiring 
pattern including conductor pads for connection to 
conductor lands on an electrode terminal carrying 
surface of a semiconductor chip is formed and hav- 
ing the back surface on which a conductor wiring 
pattern including conductor lands for external con- 
nection terminals is formed, the conductor wiring 
patterns being electrically connected to each other 
through the conductor vias; 
bonding and electrically connecting the conductor 
lands of the semiconductor chip to the conductor 
pads of the interposing substrate by bumps; and 
forming external connection terminals on the con- 
ductor lands of the interposing substrate. 

[0013] In the process according to the present inven- 
tion, the steps subsequent to the step of patterning the 
metal foils may be replaced by the following steps: 

using, instead of the semiconductor chip, a semi- 
conductor wafer including plural semiconductor 
chip regions each corresponding to the semicon- 
ductor chip and having conductor lands corre- 
sponding to those of the semiconductor chip; 
forming external connection terminals on the con- 
ductor lands of the interposing substrate; and 
cutting, before or after the step of forming external 
connection terminals, the semiconductor wafer and 
the interposing substrate, which have been bonded 
together, at positions between the semiconductor 
chip regions. 

[0014] According to the process for producing a sem- 
iconductor device of the present invention, recesses are 
formed by laser beam machining so as to penetrate 
through the insulating material so that the back surface 
of the metal foil on the side of the insulating material is 
exposed on the bottom surface. This makes it possible 
to form recesses having a diameter smaller than that of 



the recesses formed by etching or the like method. 
[0015] Further, the vias are formed of a low melting 
point alloy having a melting point of not higher than 
300°C, so that, during patterning the metal foils, after 

5 the vias are formed, the vias exhibit resistance against 
the etching solution for the metal foils. 
[0016] According to the present invention, the termi- 
nal lands for mounting the external connection terminals 
are formed on the interposing substrate formed sepa- 

10 rately from the semiconductor chip, and the interposing 
substrate and the semiconductor chip can be electrically 
connected together using connection bumps that are 
smaller than the external connection terminals. There- 
fore, the connection lands of a diameter smaller than the 

is terminal lands for mounting the external connection ter- 
minals can be formed on the electrode carrying surface 
of the semiconductor chip. 

[0017] Besides, the vias are formed by filling the re- 
cesses with a metal by plating and the recesses pene- 

20 trate through the insulating material in such a manner 
that the back surface of the metal foil on the side of the 
insulating material is exposed on the bottom surface of 
the recess. This makes it possible to form very fine vias 
compared to when the vias are formed by filling the re- 

25 cesses with an electrically conducting paste and, hence, 
to form, on the interposing substrate, the connection 
pads capable of mounting a semiconductor chip having 
small connection lands formed on the electrode carrying 
surface. 

30 [0018] Further, since the vias are formed by metal 
plating, the connection pads and terminal lands can be 
formed right on the vias, enabling the conductor wiring 
patterns to be highly densely formed. 
[0019] As a result, the terminal lands are very densely 

35 formed on the electrode terminal carrying surface of the 
semiconductor chip as compared to when the terminal 
lands are formed for mounting the external connection 
terminals, meeting the demand for realizing the semi- 
conductor chips in small sizes. 

40 [0020] An embodiment in accordance with the inven- 
tion will now be described with reference to the accom- 
panying drawings; in which:- 

Fig. 1 is a plan view illustrating an electrode terminal 
45 carrying surface of a semiconductor chip; 

Fig. 2 is a sectional view of a semiconductor device 

according to the present invention; 

Fig. 3 is a partial sectional view of a semiconductor 

chip 10 shown in Fig. 2; 
so Fig. 4(a) to 4(f) are sectional views illustrating the 

steps for producing an interposing substrate that 

constitutes the semiconductor device shown in Fig. 

2; 

Fig 5(a) to 5(c) are sectional views illustrating other 
55 steps for producing the semiconductor device ac- 
cording to the present invention; 
Fig. 6 is a sectional view illustrating the semicon- 
ductor device obtained through the production 
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steps shown in Fig. 5; 

Figs. 7(a) and 7(b) are sectional views illustrating 
the steps for producing the semiconductor device 
having connection pads formed on the vias accord- 
ing to the present invention; and 
Figs. 8(a1) to 8(b2) are plan views (a1 , b1) and sec- 
tional views (a2, b2) illustrating the vias formed by 
simply plating the inner walls of the via holes in con- 
trast with the vias formed by filling the via holes with 
a plated metal according to the present invention. 

[0021] Figure 2 shows a semiconductor device ac- 
cording to the present invention in a sectional view. A 
semiconductor chip 10 cut from a wafer is electrically 
connected to an interposing substrate 12 through con- 
nection bumps 14. 

[0022] In the semiconductor device shown in Fig. 2, 
the connection surface of the semiconductor chip 10 
connected to the interposing substrate 12 serves as an 
electrode terminal carrying surface on which electrode 
terminals 16 are formed as shown in Fig. 3. Connection 
lands 20 electrically connected to the electrode termi- 
nals 16 are formed on a passivation film 18 on the elec- 
trode terminal carrying surface of the semiconductor 
chip 10. The connection bumps 14 mounted on the in- 
terposing substrate 12 are connected to the connection 
lands 20. 

[0023] In Fig. 3, the connection lands 20 are formed 
separately from the electrode terminals 16. Here, how- 
ever, the electrode terminals 16 may also serve as con- 
nection lands 20. 

[0024] The interposing substrate 12 connected to the 
semiconductor chip 10 via the connection bumps 14 has 
conductor wiring patterns 24 including connection pads 
22 formed on one surface thereof facing the electrode 
terminal carrying surface of the semiconductor chip 10. 
The interposing substrate 12 further has conductor wir- 
ing patterns 30 formed on the other surface thereof, the 
conductor wiring patterns 30 including terminal lands 28 
on which will be mounted the external connection termi- 
nals 26. 

[0025] The insulating material forming the interposing 
substrate 12 comprises chiefly a film 34 such as of poly- 
imide, and has a thermoplastic adhesive agent layer 36 
formed on one surface of the film 34. The thermoplastic 
adhesive agent layer 36 joins the conductor wiring pat- 
terns 30 including the terminal lands 28 to the film 34. 
[0026] It is desired that the thermoplastic adhesive 
agent layer 36 is formed of a thermoplastic adhesive 
agent having a Young's modulus of not higher than 500 
MPa at room temperature. When mounted on the moth- 
er board, the semiconductor device shown in Fig. 2 hav- 
ing the thermoplastic adhesive agent layer 36 com- 
posed of the thermoplastic adhesive agent having such 
a low Young's modulus, absorbs the stress caused by a 
difference in the coefficient of thermal expansion from 
the mother board as the thermoplastic adhesive agent 
layer 36 undergoes the deformation yet maintaining a 



dimensional stability relying on the film 34. 
[0027] As the thermoplastic adhesive agent having a 
Young's modulus of not higher than 500 MPa at room 
temperature, there can be used a thermoplastic polyole- 

5 fin resin or a polyimide resin. 

[0028] The conductor wiring patterns 24 formed on 
one surface of the interposing substrate 12 comprising 
the insulating materials of film 34 and thermoplastic ad- 
hesive agent layer 36, are electrically connected, 

10 through vias 32, to the conductor wiring patterns 30 
formed on the other surface of the interposing substrate 
12. The vias 32 are formed by filling the recesses with 
a metal by metal plating, the recesses penetrating 
through the insulating material of the interposing sub- 

15 strate 1 2 and permitting the back surfaces of either the 
conductor wiring patterns 24 or the conductor wiring pat- 
terns 30 on the side of the insulating material to be ex- 
posed on the bottom surfaces of the recesses. 
Therefore, the connection pads 22 and the terminal 

20 lands 28 can be formed right on the vias 32 of the inter- 
posing substrate 12 shown in Fig. 2, thereby to highly 
densely form the conductor wiring patterns 24 and 30. 
[0029] It is further desired that the vias 32 are formed 
of a low melting point alloy having a melting point of not 

25 higher than 300°C, such as a tin-lead eutectic alloy (sol- 
der). 

[0030] Solder resists 37 and 38 are applied onto both 
surfaces of the interposing substrate 12 except the por- 
tions where the connection pads 22, connection bumps 
30 14 for the terminal lands 28 and external connection ter- 
minals are connected. 

[0031] The interposing substrate 12 used for the sem- 
iconductor device shown in Fig. 2 can be formed by a 
method shown in Figs. 4(a) - 4(f). 

35 [0032] As shown in Fig. 4(a), the insulating material 
forming the interposing substrate 12 comprises a film 
34 such as of polyimide having a metal foil 42 such as 
copper foil formed on one surface thereof and a thermo- 
plastic adhesive agent layer 36 formed on the other sur- 

40 face thereof. 

[0033] Recesses 46 are formed by laser beam ma- 
chining in the insulating material, the recesses opening 
in one surface thereof and permitting the back surface 
of the metal foil 42 to be exposed on the bottom surfaces 

45 thereof [Fig 4(b)]. The laser beam machining makes it 
possible to form the recesses 46 which are finer than 
the recesses formed by etching or the like method. 
[0034] The recesses 46 are filled with a metal by elec- 
trolytic plating using the metal foil 42 as a current supply 

so layer [Fig. 4(c)]. It is desired that the metal is a low melt- 
ing point alloy having a melting point of not higher than 
300°C. such as a tin-lead eutectic alloy (solder). When 
very fine recesses 46 are formed by laser beam machin- 
ing, extreme difficulty is involved in filling such very fine 

55 recesses 46 with the electrically conducting paste. 
[0035] Then, a metal foil 50 such as copper foil is ad- 
hered with a thermoplastic adhesive agent layer 36 onto 
the insulating material in which the vias 32 are formed 
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by filling the recesses 46 with a metal by electrolytic plat- 
ing [Fig. 4(d)]. At the time of filling the recesses 46 with 
the metal by electrolytic plating, the thermoplastic adhe- 
sive agent layer 36 is immersed in the electrolytic plating 
solution but still exhibits its adhering ability to a sufficient 5 
degree. When a thermosetting adhesive agent layer is 
formed instead of the thermoplastic adhesive agent lay- 
er 36, the adhering ability of the thermosetting adhesive 
agent layer is often lost when it is immersed in the elec- 
trolytic plating solution. When the vias 32 are formed of 10 
a tin-lead eutectic alloy (solder), a metal foil 50 such as 
copper foil can be favorably joined. 
[0036] The metal foils 42 and 50 formed on both sur- 
faces of the insulating material are patterned by the pho- 
tolithographic method, thereby to form the conductor 
wiring patterns 24 including the connection pads 22 and 
the conductor wiring patterns 30 including the terminal 
lands 28 [Fig. 4(e)]. When the vias 32 are formed of the 
tin-lead eutectic alloy (solder), the metal forming the vias 
32 is prevented from being etched by the etching solu- 
tion at the time of patterning the metal foils 42 and 50 
despite the end surfaces of the vias 32 partly appearing 
through the wiring patterns 24 and 22. 
[0037] In Fig. 4(e), the conductor wiring patterns 24 
are formed of the metal foil 42 and the conductor wiring 
patterns 30 are formed of the metal foil 50. It is, however, 
also allowable to form the wiring patterns 30 using the 
metal foil 42 and the wiring patterns 24 using the metal 
foil 50. 

[0038] In order to protect the conductor wiring pat- 
terns 24 and 30, further, the interposing substrate 12 
may be obtained by applying the solder resists 37 and 
38 onto both surfaces of the insulating material except 
the connection pads 22 and the terminal lands 28 [Fig. 
4(f)]. 

[0039] Thereafter, the connection lands 20 of the 
semiconductor chip 10 are brought into contact with the 
connection bumps 14 mounted on the connection pads 
22 of the obtained interposing substrate 12, followed by 
reflowing, to connect the interposing substrate 12 and 
the semiconductor chip 10 together. A gap between the 
thus connected semiconductor chip 1 0 and the interpos- 
ing substrate 12 may be filled with an under-fill 52 as 
shown in Fig. 2. 

[0040] Then, the external connection terminals are 
mounted on the terminal lands 28 of the interposing sub- 
strate 12 to obtain the semiconductor device shown in 
Fig. 2. 

[0041] In the foregoing description, the connection 
bumps 14 were mounted on the connection pads 22 of 
the interposing substrate 12 and were, then, connected 
to the connection lands 20 of the semiconductor chip 
10. However, the connection bumps 14 mounted on the 
connection lands 20 of the semiconductor chip 10 may 
be connected to the connection pads 22 of the interpos- 
ing substrate 12. 

[0042] In the semiconductor device shown in Figs. 2, 
3 and 4(a) - 4(f), the connection bumps 14 smaller than 



the external connection terminals 26 are connected to 
the connection lands formed on the electrode terminal 
carrying surface of the semiconductor chip 10. There- 
fore, the connection lands 20 are formed having a diam- 
eter smaller than that of the terminal lands 28 on which 
the external connection terminals 26 are mounted. 
[0043] Further, the vias 32 formed in the interposing 
substrate 12 connected to the semiconductor chip 10 
are formed more finely than the vias formed by being 
filled with the electrically conducting paste, making it 
possible to decrease the diameter of the connection 
pads 22 of the interposing substrate 12 connected to the 
connection lands 20 of the semiconductor chip 10 via 
the connection bumps 14. Despite the semiconductor 
chip 10 being formed in a small size and the connection 
lands 20 of a decreased diameter being highly densely 
formed, the semiconductor chip having a small size can 
be mounted on the interposing substrate 12. 
[0044] The foregoing description has dealt with the 
method of producing the semiconductor devices by us- 
ing individual semiconductor chips 10. According to the 
present invention, however, the semiconductor devices 
can be further obtained even by joining a wafer before 
being cut into individual semiconductor chips 10 onto 
the interposing substrate and, then, cutting the wafer in- 
to the individual chips 10. This process will now be de- 
scribed with reference to Figs. 5(a) -5(c). 
[0045] As shown in Fig. 5(a), first, there are provided 
a wafer 60 having a plurality of semiconductor chip re- 
gions 11 each corresponding to the semiconductor chip 
10 shown in Fig. 2, and a plate-like interposing substrate 
aggregate 62 having a plurality of interposing substrate 
regions 13 each corresponding to the interposing sub- 
strate 12 of Fig. 4(f), and the two are so positioned that 
the semiconductor chip regions 11 correspond to the in- 
terposing substrate regions 13. 
[0046] Here, in Fig. 5(a), connection bumps 14 
formed of a solder or the like are mounted on the con- 
nection lands 20 of the semiconductor chip regions 11. 
Therefore, the wafer 60 and the interposing substrate 
aggregate 62 are so positioned that the connection pads 
22 of the interposing substrate regions 13 are corre- 
sponded to the connection bumps 14. 
[0047] The connection bumps 1 4 may be mounted on 
the connection pads 22 formed on the interposing sub- 
strate regions 13 of the interposing substrate aggregate 
62. 

[0048] Next, the wafer 60 and the interposing sub- 
strate aggregate 62 are completely connected together 
by reflowing or the like, the wafer 60 and the interposing 
substrate aggregate 62 having been so positioned that 
the connection lands 20 of the semiconductor chip re- 
gions 11 are electrically connected, through the connec- 
tion bumps 14, to the connection pads 22 of the inter- 
posing substrate regions 13. 

[0049] Then, as shown in Fig. 5(b), a gap between the 
wafer 60 and the interposing substrate aggregate 62 is 
filled with the under-filling material 52 and, as required, 
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as shown in Fig. 5(c), the external connection terminals 
26 are mounted on the terminal lands 28 of the interpos- 
ing substrate regions 13. Thereafter, the laminate is cut 
at positions of dotted lines 64, into individual pieces 
comprising the semiconductor chip region 11 and the 
interposing substrate region 13 that are joined together 
in order to obtain semiconductor devices, one of which 
is shown in Fig. 6. 

[0050] The thus obtained semiconductor device 
shown in Fig. 6 has substantially the same structure as 
the semiconductor device shown in Fig. 2 except that 
the semiconductor chip 10 has the same size as the in- 
terposing substrate 12. 

[0051] The external connection terminals 26 may be 
mounted after the laminate is cut at positions of dotted 
lines 64, and the semiconductor chip regions 11 and the 
interposing substrate regions 13 may be individually 
joined together. 

Example 

[0052] A thermoplastic adhesive agent layer 36 was 
formed by laminating a thermoplastic adhesive agent 
film of a thickness of 35 urn on one surface of a 25 |im- 
thick polyimide film 34 having, as a metal foil 42, a 12 
nm-thick copper foil formed on the other surface thereof. 
The thermoplastic adhesive agent layer 36 was irradi- 
ated with a UV-YAG laser beam to form recesses 46 
having an inner diameter of about 50 u.m that were 
opened on the side of the thermoplastic adhesive agent 
layer 36 permitting the back surface of the copper foil to 
be exposed on the bottom surfaces thereof. 
[0053] Then, the thus formed recesses 46 were filled 
with a tin-lead eutectic alloy (solder) by electrolytic plat- 
ing using the copper foil as a current supply layer to form 
vias 32 to which were joined at a metal foil 50, as an 18 
^m-thick copper foil, using the thermoplastic adhesive 
agent layer 36. 

[0054] Then, the copper foils joined to both surfaces 
of the insulating material comprising the polyimide film 
34 and the thermoplastic adhesive agent layer 36, were 
patterned by the photolithographic method or the like 
method to form conductor wiring patterns. The conduc- 
tor wiring patterns were the conductor wiring patterns 
24 including the connection pads 22 and the conductor 
wiring patterns 30 including the terminal lands 28. The 
connection pads 22 possessed a diameter smaller than 
that of the terminal lands 28. 

[0055] Thereafter, in order to protect the conductor 
wiring patterns 24 and 30, the solder resists 37 and 38 
were applied to both surfaces of the insulating material 
except the connection pads 22 and the terminal lands 
28, to obtain an interposing substrate aggregate 62 on 
which a plurality of interposing substrate regions 13 
have been formed. 

[0056] The wafer 60 and the interposing substrate ag- 
gregate 62 were positioned in such a manner that the 
connection bumps 14 of a solder mounted on the con- 



nection lands 20 of the semiconductor chip regions 13 
formed on the wafer 60, before being cut into individual 
semiconductor chips 10, were brought into contact with 
the connection pads 22 of the interposing substrate ag- 

5 gregate 62, followed by reflowing, in order to join the 
connection bumps 14 to the connection pads 22. 
[0057] Further, a gap between the wafer 60 and the 
interposing substrate 12 was filled with an under-filling 
material 5 comprising an epoxy resin filler. The laminate 

10 was then cut into individual pieces and, then, the exter- 
nal connection terminals 26 comprising solder balls 
were mounted on the terminal lands 28 to obtain the 
semiconductor devices. 

[0058] The thus obtained semiconductor device pos- 
ts sessed a rectangular semiconductor chip 10 measuring 
15 mm x 15 mm mounted on the interposing substrate 
12 of the same shape, the interposing substrate being 
provided with 900 external connection terminals 26. 

20 Comparative Example 

[0059] In Example 1 , it was attempted to form the vias 
by filling the recesses 46 having an inner diameter of 
about 50 ujti with an electrically conducting paste. How- 

25 ever, the recesses were not sufficiently filled with the 
electrically conducting paste of a thermoplastic resin in 
which a silver filler had been mixed, and the formation 
of the vias was abandoned. The recesses could be filled 
with the electrically conducting paste to a sufficient de- 

30 g r ee when they possessed an inner diameter of about 
80 urn 

[0060] The recesses having an inner diameter of 
about 80 urn could be formed by forming through holes 
of an inner diameter of about 80 urn in the polyimide film 

35 34 by punching and, then, joining a metal foil onto one 
surface of the polyimide film 34. 
[0061] According to the present invention, the vias are 
formed as solid members by filling the viaholes pene- 
trating through the interposing substrate with a plated 

40 metal, offering the following advantages compared with 
when the vias are formed as hollow members by simply 
plating the metal on the inner walls of the viaholes. 
[0062] First, the vias of the present invention are solid 
members enabling the pads for connection to the sem- 

45 iconductor chip to be formed thereon, in the case of the 
hollow vias formed by plating the metal on only the inner 
walls of the viaholes, it is not possible to form the pads 
on the vias since the central portions thereof are cavi- 
ties. According to the present invention, the step of, for 

so example, Fig. 4(f) may be modified to form the connec- 
tion pads 22 right on the solid vias 32 as shown in Fig. 
7(a), and the connection to the semiconductor chip 10 
is accomplished by the connection bumps 14 formed 
thereon as shown in Fig. 7(b). 

55 [0063] Besides, the vias according to the present in- 
vention are solid members and are not broken even 
when the positions are deviated during the patterning of 
the conductor wiring patterns including the pads. In the 
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case of the hollow vias as shown in a plan view and a 
sectional view of Figs. 8(a1) and 8(a2), when the posi- 
tions are greatly deviated during the patterning of the 
conductor wiring patterns and the pads 22 are not com- 
pletely superposed on the vias 17, cavities 1 9 at the cen- 
tral portions are exposed, whereby the vias 17 in the 
form of a plated film are corroded with the etching solu- 
tion resulting in the occurrence of breakage. According 
to the present invention, as shown in a plan view and a 
sectional view of Figs. 8(b1) and 8(b2), on the other 
hand, the vias 14 are not corroded with the etching so- 
lution even when the positions are greatly deviated dur- 
ing the patterning of the conductor wiring patterns caus- 
ing the pads 22 to be not completely superposed on the 
vias 14. 

[0064] The present invention cheaply provides a sem- 
iconductor device which is light in weight and small in 
size, meeting the demand for fabricating semiconductor 
chips in small sizes. 



Claims 

1 . A semiconductor device comprising: 

a semiconductor chip having an electrode ter- 
minal carrying surface on which electrode ter- 
minals and conductor lands electrically con- 
nected to the electrode terminals are formed; 
an interposing substrate of an insulating mate- 
rial having a front surface and a back surface 
and disposed with the front surface facing the 
electrode terminal carrying surface of the sem- 
iconductor chip, in which a conductor wiring 
pattern, including conductor pads, is formed on 
the front surface, a conductor wiring pattern, in- 
cluding conductor lands, is formed on the back 
surface, external connection terminals are 
formed on the conductor lands on the back sur- 
face, and conductor vias composed of a plated 
metal filling viaholes extending through the in- 
terposing substrate electrically connect the 
conductor wiring pattern on the front surface 
and the conductor wiring pattern on the back 
surface; and 

bumps electrically connecting the conductor 
lands of the semiconductor chip to the conduc- 
tor pads of the interposing substrate. 

2. A semiconductor device according to claim 1, 
wherein the plated metal of the conductor vias con- 
sists of a low melting point alloy having a melting 
point of 300°C or less. 

3. A semiconductor device according to claim 1 or 2 t 
wherein the conductor wiring pattern on the back 
surface is adhered to the back surface by a thermo- 
plastic adhesive agent layer intervening therebe- 



tween. 

4. A process of producing a semiconductor device, 
comprising the steps of: 

5 

providing an insulating material having a front 
surface coated with a metal foil bonded thereto 
and a back surface coated with a thermoplastic 
adhesive agent layer formed thereon; 

10 forming recesses extending through the insu- 

lating material, the recesses having a bottom 
defined by the metal foil at the front surface and 
an opening at the back surface; 
filling the recesses with a metal by electrolytic 

15 plating using the metal foil as a current supply 

path to form conductor vias extending through 
the insulating material; 

adhering a metal foil to the back surface of the 
insulating material with the thermoplastic adhe- 

20 sive agent layer; 

patterning the metal foils on the front surface 
and the back surface to form conductor wiring 
patterns on the front surface and the back sur- 
face, respectively, thereby forming an interpos- 

25 ing substrate having the front surface on which 

a conductor wiring pattern including conductor 
pads for connection to conductor lands on an 
electrode terminal carrying surface of a semi- 
conductor chip is formed and having the back 

30 surface on which a conductor wiring pattern in- 

cluding conductor lands for external connection 
terminals is formed, the conductor wiring pat- 
terns being electrically connected to each other 
through the conductor vias; 

35 bonding and electrically connecting the con- 

ductor lands of the semiconductor chip to the 
conductor pads of the interposing substrate by 
bumps; and 

forming external connection terminals on the 
40 conductor lands of the interposing substrate. 

5. A process according to claim 4, wherein the steps 
subsequent to the step of patterning the metal foils 
are replaced by the following steps: 

45 

using, instead of the semiconductor chip, a 
semiconductor wafer including plural semicon- 
ductor chip regions each corresponding to the 
semiconductor chip and having conductor 
so lands corresponding to those of the semicon- 

ductor chip; 

forming external connection terminals on the 
conductor lands of the interposing substrate; 
and 

55 cutting, before or after the step of forming ex- 

ternal connection terminals, the semiconductor 
wafer and the interposing substrate, which 
have been bonded together, at positions be- 
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tween the semiconductor chip regions. 

6. A process according to claim 4 or 5, wherein form- 
ing the recesses comprises laser beam machining 
the insulating material from the back surface. 5 

7. A process according to any one of claims 4 to 6, 
wherein the metal filling the recesses consists of a 
low melting point alloy having a melting point of 
300°C or less. 10 
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Fig. 7(a) 
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